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alphabet had to travel from its homeland on the eastern shores of the Med-
iterranean to reach Ireland, Ethiopia, and Southeast Asia within 2,000
years of its invention. But humans are slowed by ecological and water
barriers that crows can fly over. The states of North Africa (with writing}
and West Africa (without writing) were separated from each other by

Saharan desert unsuitable for agriculture and cities. The deserts of north-

ern Mexico similarly separated the urban centers of southern Mexico from
the chiefdoms of the Mississippi Valley. Communication between southern
Mexico and the Andes required either a sea voyage or.else a long chain of
overland contacts via the narrow, forested, never urbanized Isthmus of
Darien. Hence the Andes, West Africa, and the Mississippi Valley were
effectively rather isolated from societies with writing.

That’s not to say that those societies without writing were totally iso-.
lated. West Africa eventually did receive Fertile Crescent domestic animals
across the Sahara, and later accepted Islamic influence, including Arabic
writing. Corn diffused from Mexico to the Andes and, more slowly, from
Mexico to the Mississippi Valley. But we already saw in Chapter 10 that
the north-south axes and ecological barriers within Africa and the Ameri-
cas retarded the diffusion of crops and domestic animals. The history of
writing illustrates strikingly the similar ways in which geography and ecol-
ogy influenced the spread of human inventions.
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CHAPTER 13

NECESSITY'S MOTHER

N juLy 3, 1908, ARCHAEOLOGISTS mxozwﬁzm THE
. ancient Minoan palace at Phaistos, on the island of Crete,
chanced upon one of the most remarkable objects in the history of Hnn.rnow-
ogy. At first glance it scemed unprepossessing: just a small, flat, E%memF
circular disk of hard-baked clay, 6% inches in diameter. Closes examina-
tion showed each side to be covered with writing, resting on a curved line
that spiraled clockwise in five coils from the disk’s rim to irs nmnmmw. A n.cﬁm_
of 241 signs or letters was neatly divided by etched ﬁﬁmnm_ lines into
groups of several signs, possibly constituting words. The S,u.._.mm_.. must rm..ﬁw
planned and executed the disk with care, so as to start writing at the rim
and £ill up all the available space along the spiraling line, yet not run out
of space on reaching the center (page 240). o
Ever since it was unearthed, the disk has posed a mystery for historians
of writing. The number of distinct signs (45) suggests a syllabary mmmrmm
than an alphabet, but it is still undeciphered, and the forms of the signs
are unlike those of any other known writing system. Not another scrap wm
the strange script has turned up in the 89 years since its discovery. H_Emu it
remains unknown whether it represents an indigenous Cretan script or a

foreign import to Crete, o
For historians of technology, the Phaistos disk is even more baffling; its
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One side of the two-sided Phaistos Disk.

estimated date of 1700 B.c. makes it by far the earliest printed document

in the world, Instead of being etched by hand, as were all texts of Crete’s
later Linear A and Linear B scripts, the disk’s signs were punched into soft
clay (subsequently baked hard) by stamps that bore a sign as raised type.
The printer evidently had a set of at least 45 stamps, one for each sign
appearing on the disk. Making these stamps must have entailed a great
deal of work, and they surely weren’t manufactured just to prine this single
document. Whoever used them was presumably doing a lot of writing.
With those stamps, their owner could make copies much more quickly and
neatly than if he or she had written out each of the script’s complicated
signs at each appearance.

The Phaistos disk anticipates humanity’s next efforts at printing, which
similarly used cut type or blocks but applied them to paper with ink, not
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to &mw without ink. However, those next efforts did not appear until 2,500
years later in China and 3,100 years later in medieval Europe. Why was
the disl’s precocious technology not widely adopted in Crete or elsewhere
in-the ancient Mediterranean? Why was its printing method invented
around 1700 B.c. in Crete and not at some other time in Mesopotamia, -
Mexico, or any other ancient center of writing? Why did it then take thou-
sands of years to add the ideas of ink and a press and arrive at a printing
press? The disk thus constitutes a threatening challenge to historians. 1f
inventions are as idiosyncratic and unpredictable as the disk seems to sug-
gest, then efforts to generalize about the history of technology may be
doomed from the outset.

Technology, in the form of weapons and transport, provides the direct
means by which certain peoples have expanded their realms and con-
quered other peoples. That makes it the leading cause of history’s broadest
pattern. But why were Furasians, rather than Native Americans or sub-
Saharan Africans, the ones to invent firearms, oceangoing ships, and steel
equipment? The differences.extenchto most other significant technological
advances, from printing presses to glass and steam engines. Why were all
those inventions Eurasian? Why were all New Guineans and Native Aus-
tralians in A.D. 1800 still using stone tools like ones discarded thousands
of years ago in Eurasia and most of Africa, even though some of the
world’s richest copper and iron deposits are in New Guinea and Australia,
respectively? All those facts explain why so many laypeople assume that

ans e

Furasians aré superior to other peoples in inventiveness and intelligence.

If, on the other hand; nosuchrdifference if human neurobiology exists

to account for continental differences il Technological development, what. .
does account for them? An alternative view rests on the heroic theory of
invention, Technological advances seem to come disproportionately from
a few very rare geniuses, such as Johannes Gutenberg, James Watt,
Thomas Edison, and the Wright brothers. They were Europeans, oF
descendants of European emigrants to America. 50 were Archimedes and
other rare geniuses of ancient times. Could such geninses have equally well
heen born in Tasmania or Namibia? Does the history of technology
depend on nothing more than accidents of the birthplaces of a few inven-
tors?

S;ill another alternative view holds thatitis a matter not of individual
inventiveness but of the receptivity of whole societies to innovation. Some
societies seem hopelessly conservative, inward looking, and hostile t©
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change. That’s the impression of many Westerners who have attempted to
help Third World peoples and ended up discouraged. The people seem
perfectly intelligent as individuals; the problem seems instead to lie with

their societies. How else can one explain why the Aborigines of northeast-

ern Australia failed to adopt bows and arrows, which they saw being used
by Torres Straits islanders with whom they traded? Might all the societies

of an entire continent be unreceptive, thereby explaining technology’s slow

pace of development there? In this chapter we shall finally come to grips
with a central problem of this book: the question of why technology did
evolve at such different rates on different continents. .

‘._..,mw STARTING POINT moﬁ our &mnnmmwon is Em COmmon in& mxmﬁmmmma

supposedly arise Srmb a society has an nmmzpmzmn_ mmn&" some ﬁnnw_m&o@.

is widely recognized to be unsatisfactory or limiting. Would-be inventors, .

motivated by the prospect of money or fame, perceive the need and try to
meet it. Some inventor finally comes up with a solution superior to the
existing, unsatisfactory technology. Society adopts the solution if it is com-
patible with the society’s values and other rechnologies. .
Quite a few inventions do conform to this commonsense view of neces-
sity as invention’s mother. In 1942, in the middle of World War I, the U.S.
government set up the Manhattan Project with the explicit goal of
inventing the technology réquired to buildan atoinic bomb before Nazi

——

Germany could do so. That project succeeded in three years; at a cost of
$2 billion (equivalent to over $20 billion today). Other instances .are Eli
Whitney’s 1794 invention of his cotton gin to replace laborious hand
cleaning of cotton grown in the U.S, Sotith, and James Watt’s 1769 inven-
tion of his steam engine o solve the problem of pumping water out of
- British coal mines.” ©
These familiar examples deceive us into assuming that other major
inventions were also responses to perceived needs. In fact, many or most

\|.|;I|lln
inventions were developed by people driven by curiosity or by a love of

HE_SHE@“ in the absence of ; md% initial demiand for the product-they-had-in
mind. Once a-device had been inverited;-the-inventor-thén had to find an
application for it. Only after it had been in use for a considerable time did
consumers come to feel that they “needed” it. Still other devices, invented

to serve one purpose, eventually found most of their use for other, unantic-
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ipated purposes. It may come as a surprise to learn that these inventions
in search of a use include most of the major technological breakthroughs
of modern times, ranging from cthe airplane and autornobile, through the
internal combustion engine and electric light bulb, to the phonograph and
transistor. Thus, invention is omnnn the mother of necessity, rather than

vice versa.

A good example is the history of Thomas Edison’s phonograph, the
most original invention of the greatest inventor of modern times. When
Edison built his first phonograph in 1877, he published an article propos-
ing ten uses to which his invention might be put. They included preserving
the last words of dying people, recording books for blind people to hear,
announcing clock time, and teaching spelling. Reproduction of music was
not high on Edison’s list of priorities. A few years later Edison told his
assistant that his invention had no commercial value. Within another few
years he changed his mind and did enter business to sell phonographs—
but for use as office dictating ynachines. When other entrepreneurs created
jukeboxes by arranging for a w_pouom.nmww to play popular music at the
drop of a coin, Edison objected to this debasement, which apparently
detracred from serious office use of his invention. Only after about 20
years did Edison reluctantly concede that the main use of his phonograph
was to record and play music.

The motor vehicle is another invention whose uses seem obvious today.
However, it was not invented in response to any demand. When Nikolans
Otto built his first gas engine, in 1866, horses had been supplying people’s
land transportation needs for nearly 6,000 years, supplemented increas-
ingly by steam-powered railroads for several decades. There was no crisis
in the availability of horses, no dissatisfaction with railroads.

Because Otto’s engine was weak, heavy, and seven feet tall, it did not
recommend itself over horses. Not until 1885 did engines improve to the
point that Gottfried Daimler got around to installing one on a bicycle to
create the first motorcycle; he waired until 1896 to build the firse truck.

In 1905, motor vehicles were still expensive, unreliable toys for the rich.

Public contentment with horses and railroads remained high until World

War I, when the military concluded that it really did need trucks. Intensive
postwar lobbying by truck manufacturers and armies finally convinced the
public of its own needs and enabled trucks to begin to supplant horse-
drawn wagons in industrialized countries. Even in the largest American
cities, the changeover toolt 50 years.
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Inventors often have to persist at their tinkering for a long time in the
absence of public demand, because early models perform too poorly to be
useful. The first cameras, typewriters, and television sets were as awful as
Otto’s seven-foot-tall gas engine. That makes it difficult for an inventor to
foresee whether his or her awful prototype might eventually find a use and
thus warrant more time and expense to develop it. Each year, the United
States issues about 70,000 patents, only a few of which ultimately reach
the stage of commercial production. For each great invention that ulti-
mately found a use, there are countless others that did not. Even inventions
thar meet the need for which they were initially designed may later prove
more valuable at meeting unforeseen needs. While James Watt designed
his steam engine to pump water from mines, it soon was supplying power

to cotton mills, then (with much greater profit) propelling locomotives and
boats.

%

.lm._mcmn THE COMMONSENSE view of invention that served as our start-
Ing point reverses the usual roles of invention and need. It also overstates
the importance of rare geniuses, such as Wartt and Edison. That “heroic
theory of invention,” as it is termed, is encouraged by patent law, because
an applicant for a patent must prove the novelty of the invention submit-
ted. Inventors thereby have a financial incentive to denigrate or ignore
previous work, From a patent lawyer’s perspective, the ideal invention is
one that arises without any precursors, like Athene springing fully formed
from the forehead of Zeus. _

In reality, even for the most famous and apparently decisive modern
inventions, neglected precursors lurked behind the bald claim “X invenred
Y.” For instance, we are regularly told, “James Watt invented the steam

-engine in 1769, supposedly inspired by watching steam rise from a tea-'
kettle’s spout. Unfortunately for this splendid fiction, Watt actually got the -
idea for his particular steam engine while repairing a model of Thomas
Newcomen’s steam engine, which Newcomen had invented 57 years ear-

lier and of which over a hundred had been manufactured in England by -

the time of Watt’s repair work. Newcomen’s engine, in turn, followed the
steam engine that the Englishman Thomas Savery patented in 1698, which
followed the steam engine that the Frenchman Denis Papin designed (but
did not build) around 1680, which in turn had precursors in the ideas of
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the Dutch scientist Christiaan Huygens and others. All this is not to deny
that Watt greatly improved Newcomen’s engine (by incorporating a sepa-
rate steam condenser and a double-acting cylinder), just as Newcomen had
greatly improved Savery’s.

Similar histories can be related for all modern inventions that are ade-
quately documented. The hero customarily credited with the invention fol-

" lowed previous inventors who had had similar aims and had already

produced designs, working models, or (as in the case of the Newcomen
steam engine) commercially successful models. Edison’s famous “inven-

- tion” of the incandescent light bulb on the night of October 21, 1873,

improved on many other incandescent light bulbs patented by other inven-
tors between 1841 and 1878. Similarly, the Wright brothers” manned pow-
ered airplane was preceded by the manred unpowered gliders of Otro
Lilienthal and the unmanned powered airplane of Samuel Langley; Samuel
Morse’s telegraph was preceded by those of Joseph Henry, William Cooke,
and Charles Wheatstone; and Eli Whitney’s gin for cleaning short-staple
{(inland) cotton extended ‘mm.g.m.. that had been cleaning long-staple (Sea
TIsland) cotton for thousands of years.

All chis is not to deny that Watt, Edison, the Wright brothers, Morse,
and Whitney made big improvements and thereby increased or inaugu-
rated commercial success. The form of the invention eventually adopted
might have been somewhat different without the recognized inventor’s
contribution. But the question for our purposes is whether the broad pat-
tern of world history would have been altered significantly if some genius
inventor had not been born at a particular place and time. The answer is
clear: there has never been any such person. All recognized famous inven-
tors had capable predecessors and successors and made their improve-
ments at a time when society was capable of using their product. As we
shall see, the tragedy of the hero who perfected the stamps used for the
Phaistos disk was that he or she devised something that the society of the
time could not exploit on a large scale.

My ExamrLEs so far have been drawn from modern technologies,
because their histories are well known. My two main conclusions are that
technology develops cumulatively, rather than in isolated heroic acts, and
that it finds most of its uses after it has been invented, rather than being
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invented to meet a foreseen need. These conclusions surely apply with
much greater force to the undocumented history of ancient technology
When Ice Age hunter-gatherers noticed burned sand and limestone Hnmwh
m.:m.m in their hearths, it was impossibie for them to foresee the long, seren-
dipitous accurnulation of discoveries that would lead to the first mﬂoﬂmn
glass windows (around a.p. 1), by way of the first objects with surface
glazes (around 4000 B.c.), the first free-standing glass objects of Egypt and
Enmvovoﬁmﬂmm, (around 2500 B.c.), and the first glass vessels (around 1500
B.C.).

We know nothing about how those earliest known surface glazes them-
mmr.&m. were developed. Nevertheless, we can infer the methods of prehis-
toric invention by watching technologically “primitive” people today, such
as the New Guineans with whom I work. I already mentioned their _cwos;-
..mmmm of hundreds of local plant and animal species and each species’ edibil-
iy, Em&nmm value, and other uses. New Guineans told me similarly about
dozens of rock types in their environment and each type’s hardness, color
behavior when struck or flaked, and uses. All of that _Eoé_mh_mﬁ mm..
mmmia& by observation and by trial and error. I see that process of
“invention” going on whenever I take New Guineans to work with me in
an area away from their homes. They constantly pick up unfamiliar things
in the forest, tinker with them, and occasionally find them useful enough
to bring home. I see the same process when I am abandoning a campsite
and local people come to scavenge what is left. They play with my &m.u
nmmmmn_ objects and try to figure out whether they might be useful in New
Guinea society. Discarded tin cans are easy: they 'end up reused as contain-
ers, Other objects are tested for purposes very different from the one for
which they were manufacrured. How would that yellow number 2 pencil
look as an ornament, inserted through a pierced ear-lobe or nasal seprum?
Is that piece of broken glass sufficiently sharp and strong to be useful as mﬂ_
knife? Eureka!

The raw substances available to ancient peoples were natural materials
such m.a stone, wood, bone, skins, fiber, clay, sand, limestone, and minerals, -
all existing in great variety. From those materials, people gradually Hmmnumnm
to worle particular types of stone, wood, and bone into tools; to convert
particular clays into pottery and bricks; to convert certain mswﬁdmmm of
sand, limestone, and other “dirt” into glass; and to work available pure

soft metals such as copper and gold, then to extract metals from ores, and
finally to work hard metals such as bronze and iron.
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A good illustration of the histories of trial and error involved is fur-
nished by the development of gunpowder and gasoline from raw materials.
Combustible natural products inevitably make themselves /Mom.nm&u as

‘when a resinous log explodes in a campfire. By 2000 B.C., Mesopotamians

were extraciing tons of petroleum by heating rock asphalt. Ancient Greels
discovered the uses of various mixtures of petroleum, pitch, resins, sulfur,
and quicklime as incendiary weapons, delivered by catapults, arrows,
fircbombs, and ships. The expertise at distillation that medieval Islamic
alchemists developed to produce alcohols and perfumes also let them dis-
till petrolenm into fractions, some of which proved to be even more power-
ful incendiaries. Delivered in grenades, rockets, and torpedoes, those
incendiaries played a key role in Islam’s eventual defeat of the Crusaders.
By then, the Chinese had observed that a particular mixture of sulfur,
charcoal, and saltpeter, which became known as gunpowder, was espe-
cially explosive. An Islamic chemical treatise of about A.D. 1100 describes
seven gunpowder recipes, s&mm_m treatise from A.D. 1280 gives more than
70 recipes that had proved suitable for diverse purposes (one for rockets,
another for cannons). ,

As for postmedieval petroleum distillation, 19th-century chemists
found the middle distiliate fraction useful as fuel for oil lamps. The chem-
ists discarded the most volatile fraction (gasoline) as an unfortinate waste
product—until it was found to be an ideal fuel for internal-combustion
engines. Who today remembers that gasoline, the fuel of modern civiliza-
tion, originated as yet another invention in search of a use?

Oner an INVENTOR has discovered a use for a new technology, the
next step is to persuade society to adopt it. Merely having a bigger, faster,
more powerful device for doing something is no guarantee of ready accep-
rance. Innumerable such technologies were either not adopted at all or
adopted only after prolonged resistance. Notorious examples include the
0.5, Congress’s rejection of funds to develop a supersonic transport in
1971, the world’s continued rejection of an efficiently designed typewriter
keyboard, and Britain's long reluctance to adopt electric lighting, What is
it that promotes an invention’s acceptance by a society?

Let’s begin by comparing the acceptability of different inventions within
the same society. It turns out that at least four factors influence acceptance.

The first and most obvious factor is relacive economic advantage com-



